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We investigate the orbital fluctuations in the ferromagnetic-metallic phase of
La1.2Sr1.8Mn2O7 by considering a two orbital model within a tight-binding descrip-
tion which reproduces the ARPES Fermi surface. We find strong antisymmetric
transverse orbital fluctuations at wavevector (0.5pi, 0.5pi) resulting from the Fermi-
surface nesting between the portions of bonding and antibonding bands instead of
the widely believed nesting between the portions of bonding band despite their flat
segments, which provide an insight into the origin of so called CE-type orbital fluc-
tuations in the ferromagnetic-metallic phase. Subsequent renormalization of the
phonons near wavevector (0.5pi, 0.5pi) and the behavior of the phonon linewidth as
a function of momentum are in agreement with the inelastic neutron scattering ex-
periments.
PACS numbers: 75.30.Ds,71.27.+a,75.10.Lp,71.10.Fd
2I. INTRODUCTION
The vigorous competition among the multiplicity of phases resulting from the interactions
of spin, charge, orbital, and lattice degrees of freedom is central to the physics of manganites.
The interplay of various degrees of freedom leads not only to the complex phase diagram but
also to the unusual transport properties, especially the colossal magnetoresistance (CMR)
observed close to the ferromagnetic transition temperature.1,2 The CMR effect has been
linked to the nano-scale charge and orbital correlations3 which persist even in the ferromag-
netic metallic phase.4 Furthermore, Raman scattering experiment displays a sharp increase
of the dynamical charge and orbital correlations near but above the ferromagnetic transition
as a function of temperature, which is similar to the steep change in resistivity profile ac-
companying the transition.5 The short-range charge and orbital correlations are observed as
diffuse peaks in the neutron scattering experiments4,6,7 at wavevector (0.5π, 0.5π, 0), which
is the same position where the super-lattice peaks are observed in the CE-type charge-orbital
order.8,9 Such correlations, apart from playing a crucial role in the CMR effect, renders the
ferromagnetic metallic phase disparate from an ideal ferromagnet. For instance, the spin-
wave measurements exhibit several anomalies including the softening near zone boundary
in the Γ-X direction,10,11 wherein the role of orbital correlations has been emphasized with
dominant contribution to the magnon self-energy coming from the orbital-fluctuation modes
near the wavevector (0.5π, 0.5π, 0).12,13
Layered La2−2xSr1+2xMn2O7 belongs to the Ruddlesten-Popper series with n=2, where
bilayers of MnO6 octahedra are separated by (La, Sr) O. The transport and magnetic prop-
erties exhibit high anisotropy due to the tetragonal crystal structure while the reduced
dimension further boosts the CMR effect as in the case of La1.2Sr1.8Mn2O7. The transition
from paramagnetic insulating to ferromagnetic metallic phase with the in-plane Mn spins
having a saturation moment ≈ 3 µB/Mn appears at ≈ 120K, although the ferromagnetic
phase displays a large resistivity in contrast with a normal metal.14,15
Recent angle resolved photoemission spectroscopy (ARPES) measurements on the Fermi
surface of layered manganites have provided crucial insight into the formation of both long-
range and nano-scale charge-orbital structures.16–18 Low temperature ARPES data on the
ferromagnetic-metallic La1.2Sr1.8Mn2O7 consists of multiple Fermi surfaces, a square-like
electron pocket around the Γ point and two hole pockets around the M point corresponding
3to the bonding and antibonding bands due to the bilayer lattice structure.19,20 Based on the
shape of the Fermi surfaces, the nesting between the Fermi surfaces has been suggested to be
responsible for the formation of short-range charge/orbital correlations. This is indeed also
supported by the ARPES experiments which found pseudo-gap for the Fermi surface.16,17
On the other hand, quasi-particle peaks observed in several experiments subsequently19–21
has been attributed to the intergrowth present in the experimental samples by a recent
scanning tunneling microscopy (STM) combined with ARPES, thus reaffirming the pseudo-
gap structure associated with the Fermi surface.22
The persistent CE-type dynamical short-range charge-orbital correlations in the ferromag-
netic metallic phase at x = 0.4, apart from being responsible for the pseudo-gap structure
in the Fermi surface, yields a strong renormalization of phonons near the wavevector (0.5π,
0.5π, 0) observed in the inelastic neutron scattering,4 which is believed to be resulting from
the strong Fermi surface nesting in the ferromangetic metallic state. As the hole pocket
corresponding to the bonding portion of the Fermi surface has nearly straight segments in
comparison to the antibonding portions, bonding-bonding nesting has been suggested16,23
to be responsible for the nano-scale charge-orbital correlations in the ferromagnetic metallic
phase. However, there is an apparent discrepancy in the magnitude of the nesting wavevec-
tor ≈ (0.6π, 0.6π, 0) for the portions of bonding band and the wavevector (0.5π, 0.5π, 0)
for the diffuse peak in the neutron scattering experiments.
In this paper, we explore the orbital fluctuations in the ferromagnetic-metallic La1.2Sr1.8
Mn2O7 by considering a model which captures the important characteristics of the ARPES
Fermi surfaces. After identifying the dominant orbital fluctuation modes among several
possible modes due to the multiple Fermi surfaces, our study of the impact of relevant
orbital fluctuations on the phonons by calculating phonon self-energy, which can be observed
in the inelastic neutron scattering experiments, provides the important link between the
ARPES Fermi surface and dynamical orbital correlations observed in the neutron scattering
experiments.
II. MODEL HAMILTONIAN
To study the orbital fluctuations of the ferromagnetic-metallic La1.2Sr1.8Mn2O7 with eg
electron density 1− x = 0.6 per site, we consider an effective Hamiltonian which treats the
4large Hund’s coupling (J ∼W )25 of eg spin to t2g spins and intra-orbital Coulomb interaction
(U) for eg electrons at meanfield level. Although, the experimental saturation moment 3
µB/Mn differs slightly from total magnetic moment of electron number 3.6 including eg
and t2g electrons, our assumption of completely empty minority-spin band (↓-spin) is still
reasonable in the case of large Hund’s coupling. Then, the effective Hamiltonian spanned
by dx2−y2 and d3z2−r2 orbitals on a bilayer lattice system is
H = −
∑
γγ′σpp′ia
tpp
′a
γγ′ d
†
ipγσdi+ap′γ′σ +∆
∑
pi
T piz −
∑
ipγ
σ(Umipγ/2 + JSip)d
†
ipγσdipγσ
+ U ′
∑
ip
nipγnipγ′ +
∑
ip
∑
l=x,z
ωlf
†
iplfipl +
∑
ip
∑
l=x,z
g(fipl + f
†
ipl)T pil . (1)
Here, first term describes the nearest-neighbor electron transfer, where d†ip1σ (d
†
ip2σ) is the
electron creation operator for the orbital dx2−y2 (d3z2−r2) with spin σ of plane p in a unit cell
i. tpp
′a
γγ′ are the nearest-neighbor hopping elements between γ orbital of p plane and γ
′ orbital
of p′ plane along a two dimensional vector a, which are given by tppx11 = −
√
3tppx12 = −
√
3tppx21
= 3tppx22 = 3t‖/4 and t
ppy
11 =
√
3tppy12 =
√
3tppy21 = 3t
ppy
22 = 3t‖/4 for the inplane hopping for
each plane, and tpp¯011 = t
pp¯0
12 = t
pp¯0
21 = 0 and t
pp¯0
22 = t⊥ for the hopping between two planes.
Crystal-field splitting of eg levels in the tetragonal symmetry is taken into account by the
second term. The third term describes the total ferromagnetic exchange term arising due
to the Hund’s coupling and intra-orbital Coulomb interaction in the ferromagnetic phase,
where mip and Si are magnetization for eg electrons and t2g spin, respectively. Fourth term is
the inter-orbital Coulomb interaction term, where Hund’s coupling and pair-hopping terms
for the eg orbitals are ignored for simplicity. The fifth term describes the local Jahn-Teller
phonons with f †ipx and f
†
ipz as the phonon creation operators for the transverse (x
2 − y2)-
and longitudinal (3z2 − r2)-type distortions, respectively. Sixth term represents the electron-
phonon coupling with the transverse and longitudinal orbital operators given by T pix and T piz ,
respectively. Herefrom, spin index σ is dropped based on the assumption that only majority
spin band is occupied. Then, the longitudinal and transverse orbital operators are given
by T piz = ψ†ipτˆzψip and T pix = ψ†ipτˆxψip with ψ†ip = (d†ip1, d†ip2), where τˆz and τˆx are the z- and
x-components of Pauli matrices in the orbital space, respectively. We assume ωx = ωz for
simplicity even though our system has tetragonal symmetry.
In the following, it is convenient to introduce the symmetric and antisymmetric operators
for both the electron and phonon operators with respect to the mirror symmetry between
5two planes in the unit cell,26
disγ =
1√
2
(di1γ + di2γ), diaγ =
1√
2
(di1γσ − di2γ), (2)
and
fisl =
1√
2
(fi1l + fi2l), fial =
1√
2
(fi1l − fi2l), (3)
which leads to
dipγ =
1√
2
(disγ + (−1)p−1diaγ),
fipl =
1√
2
(fisl + (−1)p−1fial). (4)
Then, the orbital operators can be expressed using these symmetric and antisymmetric
operators as
T pil =
1
2
∑
γγ′
τ lγγ′ [d
†
isγdisγ′ + d
†
iaγdiaγ′ + (−1)p−1(d†isγdiaγ′ + d†iaγdisγ′ )]. (5)
Therefore, the coupling term for the electron and the transverse phonon in the Hamilto-
nian is transformed to
∑
i
g√
2
[(fisx + f
†
isx)(d
†
is1dis2 + d
†
ia1dia2 + d
†
is2dis1 + d
†
ia2dia1)
+(fiax + f
†
iax)(d
†
is1dia2 + d
†
ia1dis2 + d
†
is2dia1 + d
†
ia2dis1)], (6)
and similarly the coupling term for the electron and the longitudinal phonon to
∑
i
g√
2
[(fisz + f
†
isz)(d
†
is1dis1 + d
†
ia1dia1 − d†is2dis2 − d†ia2dia2)
+(fiaz + f
†
iaz)(d
†
is1dia1 + d
†
ia1dis1 − d†is2dia2 − d†ia2dis2)]. (7)
Using the symmetric and antisymmetric operators, the kinetic and CEF terms of Eq. (1)
can be expressed in the block-diagonal form after the Fourier transformation as
Hkin(k) +HCEF =
∑
k,γ
ψ†k

Hˆss(k) 0ˆ
0ˆ Hˆaa(k)

ψk, (8)
where ψ†k = (d
†
s1(k), d
†
s2(k), d
†
a1(k), d
†
a2(k)). 0ˆ is a 2×2 matrix with all vanishing elements,
and Hˆss(aa)(k) is a 2×2 matrix given by
Hˆss(aa)(k) =
(
ε
s(a)
+ (k)− µ
)
τˆ0 + ε
s(a)
− (k)τˆz + ε12(k)τˆx (9)
6with µ as the chemical potential. τˆ0 is the unit matrix in the orbital space. The coefficients
of the unit and the Pauli matrices are given by
ε
s(a)
+ (k) =
1
2
t‖(ε1(k) + ε
s(a)
2 (k))
ε
s(a)
− (k) =
1
2
t‖(ε1(k)− εs(a)2 (k)) + ∆
ε12(k) =
√
3
2
t‖(cos kx − cos ky) (10)
with
ε1(k) = −3
2
t‖(cos kx + cos ky)
ε
s(a)
2 (k) = −
1
2
t‖(cos kx + cos ky)∓ t⊥. (11)
Here, ǫs2(k) (ǫ
a
2(k)) has negative (positive) sign in front of t⊥. Single electron Matsubara
Green’s function is described in the block-diagonal matrix form
Gˆ(k, iωn) =

Gˆss(k) 0ˆ
0ˆ Gˆaa(k)

 , (12)
where
Gˆss(aa)(k, iωn) =
(
iωn − εs(a)+ (k) + µ
)
τˆ0 − εs(a)− (k)τˆz + ε12(k)τˆx(
iωn −Es(a)+ (k)
)(
iωn − Es(a)− (k)
) , (13)
E
s(a)
± (k) = ε
s(a)
+ (k)±
√
(ε
s(a)
− (k))2 + (ε12(k))2 − µ, (14)
and Fermionic Matsubara frequency ωn = (2n + 1)πT . Here, we note that there are two
bands corresponding to each of the symmetric and antisymmetric Green’s functions.
To reproduce the experimental Fermi surfaces with the above dispersion, we choose the
values of chemical potential µ = -1.26, inter-planar hopping parameter t⊥ = 0.33, and
crystal-field parameter ∆ = 0.3 in the unit of t‖ = t. The chemical potential µ = -1.26
corresponds to the eg electron density of 1 − x ≈ 0.54/Mn, inter-planar hopping controls
the splitting of the hole pockets around X, and crystal-field parameter improves the nest-
ing quality by straightening the hole pockets as shown in Fig. 1(a). The electron pocket
around the Γ point and two hole pockets around the M point with one having almost
straight segments belonging to the lower of plane-symmetric bands (bonding band) are in
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FIG. 1. (a) Calculated Fermi surfaces for La1.2Sr1.8Mn2O7 with dx2−y2 and d3z2−r2 orbital densities,
and (b) electronic dispersion in the high-symmetry directions for the crystal-field parameter ∆ =
−0.3, the chemical potentials µ = −1.26, and the inter-planar hopping t⊥ = 0.33.
good agreement with the ARPES measurements.24 The electron pocket has predominantly
d3z2−r2 orbital character whose proportion decreases only slightly on moving from Γ-M to
Γ-X direction. Both the hole pockets have large dx2−y2 orbital character in the Γ-M di-
rection. In addition, the hole pocket belonging to the lower of plane-antisymmetric band
(antibonding band) contains an almost equal mixture of dx2−y2 and d3z2−r2 orbitals near X at
the zone boundary, whereas the hole pocket belonging to the bonding band consists mainly
of d3z2−r2 orbital. Similar features were also obtained in the band-structure calculations.27
Particularly along the Γ-M direction, since the orbital mixing vanishes, the electronic states
on the electron and hole Fermi surface have the orbital characters of d3z2−r2 and dx2−y2 ,
respectively. There exist both intra-band (bonding-bonding or antibonding-antibonding)
and inter-band (bonding-antibonding) nestings. From Fig. 1(a), the nesting vectors for
the bonding-bonding, antibonding-antibonding, and bonding-antibonding nestings are ex-
pected at {(0.6π, 0), (0.6π, 0.6π)}, {(0.4π, 0), (0.4π, 0.4π)}, and {(0.5π, 0), (0.5π, 0.5π)}, re-
spectively. The quality of nesting decreases from the bonding-bonding to the bonding-
antibonding case, and is the poorest for antibonding-antibonding nesting.
III. ORBITAL FLUCTUATION
To identify the important low energy orbital excitations in the ferromagnetic-metallic
phase of the bilayer manganites with the spin degree of freedom already frozen, we investigate
the orbital susceptibility of a bilayer lattice system with two orbitals at each site, which, in
8general, will be a 16×16 matrix as 16 different orbital operators can be defined due to the four
different electron field operators corresponding to the orbital and planar degrees of freedom in
a unit cell. But the relevant orbital susceptibility, which involves only the intralayer orbital
operators, can be written in a 8×8 matrix form. A further simplification can be achieved
by changing to a basis in the planar space, which involves orbital operators symmetric
and antisymmetric with respect to the mirror symmetry between the two planes in a unit
cell. The relevant orbital susceptibility reduces to two 4×4 matrices in this basis resulting
from the fact that the correlation functions involving symmetric and antisymmetric orbital
operators vanish identically by the symmetry of the bilayer Hamiltonian, and therefore can
be defined as follows:
χmll′(q, iΩn) = 2
∫ β
0
dτeiΩnτ 〈Tτ [T mql (τ)T m−ql′(0)]〉. (15)
Here, 〈...〉 denotes thermal average, Tτ imaginary time ordering, and Ωn are the Bosonic
Matsubara frequencies. T mql is the Fourier q-component of orbital operator T mil symmetric
(m = s) and antisymmetric (m = a) with respect to the mirror symmetry between the two
planes in a unit cell. The symmetric and antisymmetric components are given by
T sql = (T 1ql + T 2ql)/2, T aql = (T 1ql − T 2ql)/2, (16)
respectively.
Expression for the relevant RPA-level orbital susceptibility is given by28
χˆs(a)(q, iΩn)= χˆ
0;s(a)(q, iΩn)[1ˆ + Uˆ χˆ
0;s(a)(q, iΩn)]
−1. (17)
After a unitary transformation, row and column labels appear in the order 11, 22, 12, and
21 with 1 and 2 as orbital indices. 1ˆ is a 4×4 matrix. The matrix elements of χˆ0;s(a)(q, iΩn)
are defined as
χ0;sµν,αβ(q, iΩn) = (χ
0;aa,aa
µν,αβ (q, iΩn) + χ
0;ss,ss
µν,αβ (q, iΩn))/2
χ0;aµν,αβ(q, iΩn) = (χ
0;as,as
µν,αβ (q, iΩn) + χ
0;sa,sa
µν,αβ (q, iΩn))/2, (18)
where χ0;rs,uvµν,αβ (q, iΩn)= −T
∑
k,mG
ru
αµ(k+q, iωm+ iΩn)G
sv
νβ(k, iωm), and G
sv
νβ(k, iωn) is block
diagonalized with respect to the superscripts (s and v) as already discussed in the previous
section. The bare symmetric and antisymmetric susceptibilities can be expressed explicitly
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FIG. 2. Principal components contributing to the transverse and longitudinal susceptibility for the
(a) antisymmetric and (b) symmetric case. The antisymmetric and symmetric susceptibility show
peaks at {(0.5pi, 0), (0.5pi, 0.5pi)} and {(0.6pi, 0), (0.6pi, 0.6pi)}, respectively.
as follows
χ0;sµν,αβ(q, iΩn) = −
1
N
∑
k
∑
i,j
∑
±
∑
p=s,a
aµp
∗
jk+qa
νp
ika
βp∗
ik a
αp
jk+q
n(Epi (k))− n(Epj (k+ q))
iΩn + E
p
i (k)−Epj (k+ q)
χ0;aµν,αβ(q, iΩn) = −
1
N
∑
k
∑
i,j
∑
±
∑
p=s,a
aµp¯
∗
jk+qa
νp
ika
βp∗
ik a
αp¯
jk+q
n(Epi (k))− n(E p¯j (k+ q))
iΩn + E
p
i (k)−E p¯j (k+ q)
,(19)
where aνpi s are the unitary coefficients of the i-band to ν-orbital obtained from Eq. (13),
and n(ξ) is the Fermi distribution function. Finally, the interaction matrix is given by
Uˆ =


−U (µ = α 6= ν = β)
U (µ = ν 6= α = β)
0 (otherwise)
, (20)
where the parameter U has been used for the inter-orbital Coulomb interaction from now
on.
Fig. 2 shows the principal components of one bubble static orbital susceptibility for
the chemical potential µ = -1.26, interplane hopping parameter t⊥ = 0.33, and tempera-
ture T = 0.02. The components of antisymmetric susceptibility exhibit peak structures at
{(0.5π, 0), (0.5π, 0.5π)} and those of symmetric show peaks at {(0.6π, 0), (0.6π, 0.6π)} as
shown in Fig. 2(a) and 2(b), respectively. In the case of χ0;1212(q) and χ
0;
1221(q) contribut-
ing to the transverse orbital susceptibility, the antisymmetric components display a sharper
and relatively larger peaks at (0.5π, 0.5π) in comparison to the symmetric components at
(0.6π, 0.6π), and viceversa for the components χ0;1111(q) and χ
0;
2222(q) contributing to the
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FIG. 3. RPA level transverse and longitudinal susceptibilities for symmetric and antisymmetric case
U = 2.0t. Electronic correlation enhances the the antisymmetric transversal orbital susceptibility
at (0.5pi, 0.5pi) more in comparison to others.
FIG. 4. d∓ = 1√2(d3z2−r2 ∓ dx2−y2) orbitals with red and blue colors highlighting the phases.
charge or longitudinal orbital susceptibility. The above features are sensitive to both the
orbital composition and the quality of nesting. For instance, χ0;s2222(q) shows largest peaks
at (0.6π, 0.6π) reflecting the straight segments of the Fermi surfaces dominated by d3z2−r2
orbital. On the other hand, both χ0;a1212(q) and χ
0;a
1221(q) are enhanced at (0.5π, 0.5π) due to
the nesting between the bonding Fermi surface consisting predominantly of d3z2−r2 orbital
and the antibonding Fermi surface having an almost equal mixture of both the orbitals al-
though the nesting is relatively weaker than the bonding-bonding case. The longitudinal
susceptibility is rendered featureless as the peak structure of χ0;s2222(q) is subtracted out by
the peak structure of χ0;s1122(q) which is equal to the χ
0;s
1221(q).
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FIG. 5. Orbital densities of d− and d+ orbitals on the Fermi surface for the crystal-field parameter
∆ = −0.3, the chemical potentials µ = −1.26, and the inter-planar hopping t⊥ = 0.33.
Fig. 3 shows the longitudinal χzz(q) and the transverse χxx(q) orbital susceptibilities cal-
culated within the RPA. Transverse antisymmetric susceptibility is enhanced significantly
at (0.5π, 0.5π) as compared to the symmetric susceptibility at (0.6π, 0.6π) due to the elec-
tronic interaction. On the other hand, the longitudinal susceptibilities are unaffected by
the electronic interaction, and are almost featureless. Therefore, the bonding-antibonding
band nesting is responsible for the strong and dominant orbital fluctuations at wavevec-
tor (0.5π, 0.5π), with the nature of fluctuations being antisymmetric and transversal. In
addition, we note that the transversal orbital susceptibility χxx(q) is nothing but the longi-
tudinal orbital susceptibility χz′z′(q) in a new basis consisting of d− and d+ orbitals, where
d∓ = 1√2(d3z2−r2 ∓ dx2−y2) (Fig. 4). Similarly, the longitudinal susceptibility χzz(q) in the
original basis is equal to the transverse susceptibility χx′x′(q). Then, the fact that the longi-
tudinal susceptibilities χx′x′(q) (transverse susceptibilities in the new basis) are featureless
and the transverse susceptibilities χz′z′(q) (longitudinal susceptibilities in the basis) show
peak structures follows from the orbital compositions of the Fermi surface, which consists
predominantly of d− and d+ orbitals along kx/π ≈ ± 0.3 (or ±0.2) and ky/π ≈ ±0.3 (or
±0.2), respectively as shown in Fig. 5.
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FIG. 6. Real and imaginary parts of the antisymmetric transverse orbital susceptibility as a
function frequency at fixed momentum q = (0.5pi, 0.5pi).
IV. PHONON RENORMALIZATION
Since strong antisymmetric orbital fluctuations are present due to the correlations, which
couples to the antisymmetric component of transversal Jahn-Teller phonons, we consider the
impact of these orbital fluctuations on the phonon propagator in this section. The second-
order perturbation theory with respect to the last term of the Hamiltonian given by Eq. (1)
provides the following self-energy of transversal Jahn-Teller phonons30,31
Σs(a)(q,Ω+ iδ) = −g2
∑
µν
χ
s(a)
µµ¯,νν¯(q,Ω+ iδ), (21)
where
χ
s(a)
µµ¯,νν¯(q,Ω+ iδ) = [χˆ
0;s(a)(q,Ω+ iδ)[1ˆ + Uˆ χˆ0;s(a)(q,Ω + iδ)]−1]µµ¯,νν¯ . (22)
Fig. 6 shows the real and imaginary part of χatrans(q,Ω+ iδ) for (0.5π, 0.5π) as a function
of frequency, where the imaginary part shows a maximum near Ω ≈ 0.1t which provides
the order of energy scale of the fluctuation. Fig. 7 shows the real and imaginary part
of the phonon self-energy for several values of frequency Ω around the energy scale of an-
tisymmetric transverse orbital fluctuation. Here, the frequencies are chosen of the same
order as that of local Jahn-Teller distortion frequency Ω∗ ≈ 50meV determined from Ra-
man scatterings,31,32 which can be estimated roughly to be Ω∗ ≈ 0.1t with t ≈ 0.4eV .25 We
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FIG. 7. (a) Real and (b) imaginary part of the antisymmetric phonon self-energy arising due to
the antisymmetric transversal orbital fluctuation mode at wavevector (0.5pi, 0.5pi).
have chosen the electron-phonon coupling parameter g ≈ 0.125t to reproduce the experi-
mental result as shown in Fig. 7. There is a large self-energy correction to antisymmetric
component of transversal Jahn-Teller phonons near (0.5π, 0.5π, 0) where the linewidth also
exhibits maximum. Both these features show a good quantitative agreement with the neu-
tron scattering experiments for phonons in the ferromagnetic-metallic bilayers.4
We also find additional peaks in the the linewidth and dip in the self-energy for the
low-momentum region. Already existing on either side of |q| ≈ 0.1π at the bare level, these
peaks appear due to the saddle point behavior of Ea−(k+ q) − Es−(k) and Es−(k + q) −
Ea−(k) in the denominator of the antisymmetric susceptibility for |q| ≥ 0.1π or |q| ≤ 0.1π,
respectively. Saddle points lie near k = (−0.3π,∓π) and (∓π,−0.3π) with maximum along
kx and minimum along ky for E
a
−(k + q)− Es−(k), and near k = (0.3π,∓π) and (∓π, 0.3π)
with minimum along kx and maximum along ky for E
s
−(k+ q)− Ea−(k). The movement in
the opposite directions and enhancement of the peaks away from |q| ≈ 0.1π with increasing
energy follows from the movement towards the saddle point which lies only slightly away
from the Fermi surface in each case. The origin of these peak structures, therefore, is
analogous to that of peak found in the density of states near the saddle point of the energy
band in the momentum space. Thus, our study suggests additional peaks to be observed in
the inelastic neutron scattering experiments in low-momentum region.
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FIG. 8. Orbital correlations with wavevector (0.5pi, 0.5pi) developed in the ferromagnetic metallic
La1.2Sr1.8Mn2O7 involving d∓ orbitals, where electrons hop along zigzag chains in x and y directions
through d− and d+ orbitals, an essential mechanism to stabilize the CE-type spin arrangement.
V. CONCLUSIONS AND DISCUSSIONS
Our investigation of the orbital fluctuations in a bilayer system with two orbitals at each
site, which captures the salient features of the ARPES measurements for the ferromagnetic-
metallic phase of the doped bilayer manganite La1.2Sr1.8Mn2O7 has provided an important
connection between the the Fermi-surface structure and the short-range dynamical cor-
relations as observed in the neutron scattering experiments. Antisymmetric longitudinal
orbital fluctuations in the basis of d− and d+ orbitals are strong at (0.5π, 0.5π), where
d∓ = 1√2(d3z2−r2 ∓ dx2−y2). This follows from the Fermi-surface nesting between bonding
and antibonding bands instead of the nesting between bonding and bonding bands despite
their flat segments. Moreover, the orbital fluctuations strongly renormalize the antisym-
metric component of transversal Jahn-Teller phonons near wavevector (0.5π, 0.5π), and are
responsible for the shortest lifetime of the phonons near the same wavevector, implying their
dynamic nature. Our study also predicts the enhancement of phonon linewidth near the low
15
momentum region, which should be observed in the inelastic neutron scattering experiments.
The proximity to the orbital ordering instability of La1.2Sr1.8Mn2O7 due to the strong
nesting with orbital compositions of the Fermi surface predominantly of d− and d+ orbitals
along kx/π ≈ ± 0.3 (or±0.2) and ky/π ≈±0.3 (or±0.2) is suppressed by the ferromagnetism
stabilized by the double-exchange mechanism.33 In such orbitally correlated or ordered state,
the electrons will prefer to hop along x and y directions through d− and d+ orbitals as
shown in Fig. 8, which may instead support a CE-type spin arrangement wherein spins are
aligned ferromagnetically along the zigzag chains. Therefore, our study provides a plausible
explanation for the existence of CE-type orbital fluctuations in the ferromagnetic-metallic
bilayer near x = 0.4 as observed in the neutron scattering experiments.
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